Previous studies have shown that actuate stress have a negative effect on working memory, visio-spatial ability and symptoms of disassociation. We conducted the present research with the aim of to analyse the effect of experience and training in psychophysiological response, attention and memory of soldiers in combat. Variables of blood lactate, blood glucose, blood oxygen saturation, body temperature, heart rate, lower body muscular strength manifestation, autonomic modulation, cortical arousal, cognitive and somatic anxiety, and memory by a post mission questionnaire were analysed before and after a combat simulation in 49 soldiers of Spanish Army. Combat simulation produced a significant increase (p < 0.05) in blood lactate, blood glucose, blood oxygen saturation, rated perceived exertion, heart rate, cognitive and somatic anxiety. Significant increase in low frequency domain and significant decrease in high frequency domain of the heart rate variability was found in experienced and highly trained soldiers. The percentage of correct response in the post mission questionnaire indicated that elements better remembered were those related with soldier integrity and considered as a possible life threat, Significant differences in the post mission questionnaire by experience and training was also found. Correlation analysis showed that higher psychophysiological activation correlated positively with cognitive impairment and lower memory. As a conclusion, higher experienced soldiers presented higher physiological activation as well as cognitive and memory impairment than lower experienced soldier after a combat simulation and memory function was modulated by the stimulus nature.
Introduction
Combat is defined as a highly stressful situation in where soldiers have to deal with a large kind of stimulus that compromise their integrity [1] . This situation induces a stress response that causes an anxiety state, especially in highly unpredictable scenarios as asymmetrical combat [2] , decreasing cortical arousal and producing fatigue of central nervous system, fact that directly affect the psychophysiological response [3] [4] [5] . Specifically, this anxiety response increases the allocation of attention to threat-related stimuli reducing attentional focus [6] and negatively affects working memory [7] , capacities controlled by the amygdala, striatum, cerebellum, prefrontal cortex and the hippocampus [8] . The making decision processes as the capacity to retain and manipulate information are also affected [9] , which are especially necessary to carry out the mission with efficiency and success. Previous studies also found a large kind of alteration and psychological abnormalities such as alterations in perception, body perception, environment or passage of time, cognition and dysregulation in vagal tone and memory [8, 10] . In general, the magnitude of the psychological deficits and abnormalities exposed before are greater than those produced by alcohol intoxication [11] or sedating drugs [6] . Also, physiological abnormalities as elevated heart rate, increased blood pressure, skin temperature, cortisol, glucose and creatine kinase high levels has been found [3, 5] .
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Experience and training seems to be an important key factor for the the psychophysiological response and the stress effects. Previous researchers remarked the importance of experience and training in high stress professions as policeman or fire-fighters [12] , sports [13] or in several medical areas [14] . In soldier's population, experience is a crucial factor when explaining the influence of psychological stress and stress hormones, since novice soldiers presented higher anxiety values and lower arousal than experienced [9] , so the physiological response as experienced soldiers presented higher anaerobic metabolism activation and muscular strength, lower cortical activation and better performance [5, 15] . However, the effect of experience and training into psychophysiological response of soldiers during combat is still poor known, specially the effect in memory and cognitive impairment, nevertheless there are a large number of studies who focus on the effects of anxiety and its relationship with depression or stress disorders [9, [16] [17] [18] [19] [20] .
Therefore, the aim of the present research was to analyse the effect of experience and training in psychophysiological response, attention and memory of soldiers in combat. There were hypothesized; i. soldiers with higher psychophysiological response would present negative effect in memory; ii. soldiers with larger experience and training would present lower psychophysiological response and lower negative effect in memory.
Methods

Experimental Approach to the Problem
Variables of cortical arousal, autonomic modulation, physiological response, rated of perceived exertion, body temperature, anxiety and attention, perception and memory were evaluated before and after an urban combat simulation in professional warfighters to analyze the effect of combat stress on the psychophysiological response and memory.
Participants
Samples of 49 professional soldiers of Spanish Army were recruited, (30.6 ± 5.7 years; 172.8 ± 6.0 cm; 75.2 ± 9.8 kg), soldiers had 12.8 ± 12.1 years of professional experience in their unit and an average of 8.5 ± 12 international missions. Those 49 soldiers were divided into 3 different groups: Highly Trained Group (HTG: n = 18, 27.9 ± 3.9 years, 5.9 ± 0.8 years of experience, 11.09 ± 5.7 years international missions, 171 ± 4.8 cm, 75.6 ± 7.2 kg); Lower Trained Group (LTG: n = 22, 31 ± 6 years, 3.9 ± 3 years of experience, 7.7 ± 14.8 years international missions 172.7 ± 6.9 cm, 75.9 ± 12 kg); Lower Trained Control Group, (LTCG n = 9, 27.9 ± 3.9 years, 5.95 ± 0.8 years of experience, 3.9 ± 3 years international missions, 171 ± 4.8 cm, 75.6 ± 7.2 kg). Control group had no combat stress, they conducted the simulation at the same velocity and conditions than experimental groups but do not intervening.
Soldiers were fully equipped with the standard uniform, which includes: boots, tactical fighting load carriers, body armour, simulated HK G36 rifle, simulated knives, shackles or flanges and a backpack with 12 kg to simulate the equivalent weight of the task force for this type of operation. The total weight was 23.6 kg. This research complied with the tenets of the Declaration of Helsinki. Informed consent was obtained from each participant. The procedures were approved by the Head quarter of the Unit. Participants were asked to complete the exercise as accurately as a real military action.
Urban Combat Simulation
The combat simulation was developed in 4 soldiers units. Each group had to perform the entire manoeuvre alone with no information of the other operative groups. Soldiers were waiting in a tactical rest area, and then started the mission when the previous team completed it. All the units had to perform the same manoeuvre in the same conditions and context.
The objective of the combat simulation was the rescue of an allied solider that was captured and kept as a prisoner in a village controlled by an organised and armed terrorist enemy. During the simulation soldiers have to deal with real actions occurred in actual theatres of operations as unarmed civilians that collaborate with the operative team, civilians which apparently present a possible threat and which do not collaborate with the unit, terrorist camouflaged as civilians with concealed knife that used against the unit when they approach him, armed terrorist enemies with Kalashnikov rifles that fire the unit, armed friend soldier, armed private security company war fighters and simulated death soldiers by an improvised explosive device (IED). Along the simulation, several objects were placed in some key points, where the tactical team had to pass in order to analyse different component of attention and memory (auditory, visual and olfactory).
Auditory: Yell, shot, vehicle motor, a conversation in Arab, a conversation in different language of native civilian (different that the team language).
Visual: Mobile phone, book, knife, rifle, pistol, animal viscera, animal blood, a corpse, paper documents in three different languages than the language team, IED.
Olfactory: animal viscera, animal blood.
Study Variables
The following dependent variables were used to explore the changes due to the combat simulation, and were taken before the simulation and immediately after it. Previous researcher's methodology for the same population was followed [3, 5, 21] , therefore a cross-sectional pre-post design was used in order to minimise individual differences that might account for changes in psychophysiological responses.
-Rating of perceived exertion (RPE), Borg 6-20 scale [8] .
-Body composition was evaluated by the InBody 720 (Biospace Co. Ltd., Seoul, South Korea) following the protocols of previous research [5] -HR measured during the entire maneuver by a Polar HR belt with RR (time interval between R waves of the electrocardiogram) function to analyse heart rate variability (HRV). We analysed 20 min of HR and HRV before the combat simulation while the soldiers remained in the waiting area to obtain HR and HRV baseline values, then activation and simulation values were obtained. We used the Kubios HRV software (University of Kuopio. Kuopio, Finland) to analyse the HRV time-domain parameters for the average time between RR intervals (Average RR, ms) and the standard deviation of the difference between successive RR intervals (RMSSD) [5] . -Lactate blood concentration. Fingertip blood samples were taken within five minutes of the completion of the simulation for the determination of lactate levels. To avoid sweat contamination the first drop of blood was wiped off, and only the second was used for analysis. We used the Lactate Pro 2 (Lactate Pro Arkay, Inc. system (Kyoto, Japan) following the procedure of previous research [3] . -Lower body muscular strength estimated by means of the vertical jump test. We used the Sensorize FreePower Jump system (SANRO Electromedicina, Madrid, Spain) to evaluate three vertical types of jump: two squat jumps (SJ), two contramovement jumps (CMJ) and two abalakov jumps (ABK), following the procedure of previous studies [1, [3] [4] [5] 22 ]. -Cortical arousal measured by the Critical Flicker Fusion Threshold (CFFT) according to previous researches [5, 9, 21, 23] . Increases in CFFT suggest an increase in cortical arousal and information processing; by contrast, decreases in CFFT below the baseline are associated with a reduction in the efficiency to process information and CNS fatigue [18] . -Body temperature (BT) was measured by a digital infrared thermometer (Temp Touch; Xilas Medical, San Antonio, TX). -Blood oxygen saturation (BOS) and Heard Rate (HR) by a pulse oximeter (PO 30 Beurer Medical). -Cognitive anxiety (CA), Self-Confidence (SC) and Somatic Axiety (SA) were evaluated using the CSAI-2R Spanish validated version [13] , those are evaluated throw 17 items, (CA) 5 items, (SA) 7 items and (SC) 5 items respectively. The response scale evaluated the intensity of each symptom on a scale of 1 (not at all) to 4 (very much). Higher scores on cognitive and somatic anxiety subscales indicated a higher level of anxiety, whereas higher scores on the self-confidence subscale indicated a higher level of self-confidence. -State Anxiety (S/A) was evaluated using the STAI test Spanish validated version as in previous researches [21] . -Attention and memory -auditory, visual and olfactory were evaluated using a post-mission questionnaire as in previous researches [21] . In the questionnaire soldiers had to identify the objects placed in different key point, also a list with different sounds and odours that they had to remember. The questionnaire was based in 3 options, correct, wrong or no response.
Statistical Analysis
To analyse the data, we used the SPSS statistical package (version 22.0; SPSS, Inc., Chicago, Ill.). Means and standard deviation (SD) were calculated using traditional statistical techniques. Normality and homoscedasticity assumptions were checked with a Kolmogorov-Smirnov test. To analyse differences between pre and post a T test was administer and to analyse differences between experimental groups an ANOVA test was conducted since variables presented a parametric distribution. The Effect Size (ES) was tested by Cohen's D (ES = (Post-test mean -Pre-test mean)/Pre-test SD). Finally, a bivariate correlation analysis between memory and psychophysiological variables was performed using a Pearson correlation analysis. The level of significance for all the comparisons was set at p < 0.05.
Results
The results are reported as mean ± SD. Variables of HR, lower body muscular strength, blood lactate and blood glucose presented an increase after the combat simulation. Significative increases in CA, SA, SC and STAI-AE were found (Table 1) . Analyzing HRV parameters, experimental groups LTG and HTG presented significant increases in RMSSD, LF values resulted in an increase after combat simulation in LTG and HTG, however only HTG presented significant changes, moreover significant decrease in HF values were also seen in HTG. Control group LTCG presented a decrease in all HRV variables RMSSD, HF and LF (Table 2) .
Post missionary questionnaire results shown how nonspecific combat elements (ours, noises, elements) had greater number of errors and forgetfulness, elements considered as a life threat (knife, riffle assault) presented higher correct score. Experienced group HTG presented the highest wrong and non-response scores. LTCG showed the highest number of correct items and elements of the three groups (Table 3) . (Table 4) .
Discussion
The present study aimed to analyse the effect of experience and training in the psychophysiological response and memory of soldiers in combat. Data obtained showed a higher physiological response as well as a negative effect on memory and higher cognitive impairment in experienced soldiers. The initial hypothesis was compiled since higher psychophysiological activation presented higher memory and cognitive impairment; second hypothesis was dismissed since soldiers with larger experience and training presented higher negative effect on memory.
Depending on soldier's experience and previous training a different sympathetic response was evaluated.
The effect of innate fly-flight system activation increased the sympathetic and inhibits the parasympathetic nervous system modulation [1] , as the increase in LF values showed in LTG and HTG. This result was in consonance with previous researches conducted in soldiers [21] , military paratroopers [1] [2] [3] and skydivers [5] . The predisposition to a stressful stimulus, as in the present case is combat, produced an increased sympathetic modulation in HTG and LTG as lower baseline RMSSD showed, meaning higher parasympathetic downregulation [24] . This response is consequent with an anticipatory anxiety response, fact also evaluated in stressful contexts, such as prior-competition, in elite judoka [25] and elite tennis players [15] . The LTCG presented nonsignificative decrease on RMSSD and HF values; since control group conducted the simulation without combat stress, the slight decrease in parasympathetic values, refers to physical activity conducted. Finally, only HTG presented significant changes in all HRV parameters, showing an increase in sympathetic modulation, which is in line with previous studies in military area [23] .
The significative increases in blood lactate levels were in line with the decrease in blood glucose, due to the increase in anaerobic metabolism pathways that consume glucose [26] . HTG presented the highest blood lactate levels, followed by LTG group and LTCG. This result showed the higher physical intensity of HTG during the simulation. Our data is consequent with previous studies, since to conduct the same task, the higher physiological response was given by the most experienced soldiers, due to the better training that allows them to withstand the large body loads and high intensity sprint of combats (9) . In this line, lactate is one of the most used parameters to delimitate activity intensity, presenting correlation with the RPE [26] . Nerveless, a misinterpretation of RPE when is compared with lactate was found, especially in experimental group (HTG) and consequent with previous authors in combat simulations in were the most experienced presented larger incommensurate RPE values [1,2,9,12,] . Thus, soldiers are not aware of the psychological or physiological workload during combat. This fact, could be related with the negative effect of increased sympathetic activation in cortical structures such as the hippocampus and brain areas related to the processing of information [27] . Previous authors support this statement since they found lower RPE values than the physiological response evaluated after combat simulation. [2, 5, 9, 23, 28] .067 18.9 ± 9.7 (0,02)
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Leg strength manifestation increased significantly after the combat simulation in HTG and LTG but not in LTCG. In this case, the increase in sympathetic modulation produced an increase in muscle activation, which produces an increase in soldier's muscle strength, fact also found in previous researches with military paratroopers [9, 23] and soldiers in combat maneuvers [2] . The lower psychophysiological activation and the lack of combat stress stimulus explain the no modifications of strength values of LTCG.
Regarding the analysis of the post mission questionnaire, the elements better remembered were those could affect the soldier integrity and could be considered as a possible life threat, such as knife, pistol or assault rifle. Exposure to the acute combat stress stimulus has a negative effect on working memory [27] , result found in the experimental groups of the present research (HTG and LTG). Also, under stressful situations, it has been reported that the tunnel effect, which decreases peripheral vision, could also have affected the information acquisition of HTG and LTG due to sight limitation [2] . By contrast, LTCG presented higher number of correct items than experimental groups exposed to the combat stress. The nonspecific combat elements such as sounds, noises and ours, which were not directly a life threat, were more difficult to remember, showing how memory function is modulated by the stimulus nature. Our data suggest that the organism used the sense of sight in first order to perceive information of the environment, since visual elements presented the highest correct score, then followed by what soldiers heard and smell. In this line previous researches found same results [21] , also in consonance with the senses hierarchy theory [29] .
The higher psychophysiological activation correlated with cognitive impairment and lower memory performance since post mission questionnaire shown positive correlations between physiological variable of post lactate and wrong noise, wrong assault rifle, wrong pistol and no-response elements, showing how increases in psychophysiological activation leads to higher ratio of wrong answers. Previous authors have reported that subjects with lower arousal levels tend to improve visual memory [25] and correlation between higher physical and psychological activation and poor memory performance [30] . Cortical arousal showed a negative correlation with correct ours and right elements and positive correlation with no response ours. Stress markers of cognitive and somatic anxiety showed positive correlations between AC pre and wrong noises, negative correlations with correct ours and no response ours; also simulation LF showed positive correlations with wrong noise. This information leads us to know how somatic and cognitive anxiety as well as the sympathetic modulation negatively affect memory processes, decreasing working memory of soldiers [27] . Experience and training was not considered in this field by previous authors, thus, our data suggest that soldiers with larger experience and training (HTG) presented higher negative effect on memory, probably due to they presented the highest psychophysiological activation. This information highlights the harmful effects of acute stress exposure on memory pathways and the importance of psychological training and the ability of the soldier to manage perceived stress. 
Limitation of the Study
The principal limitation was the no control of hormones as alpha amylase and cortisol to control the hormonal stress response. These limitations are subjected to a financial and technological lack. A larger study and future research might seek to address these issues.
Practical Application
The data obtained in the present research allow us a better understanding of how experience and training interferes with memory function and attention in stressful situations, also how the stress has an acute impact on the psychophysiological response. The information from this research could be useful to improve training programs in highly stressful professions as policeman, fireman and soldiers.
Conclusions
Higher experienced soldiers presented higher physiological activation as well as cognitive and memory impairment than lower experienced soldier after a combat simulation. Memory function was modulated by stimulus nature.
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